Workflow Optimization of Kennestone Sterile Processing Department by Arguelles, Vanessa et al.
Workflow Optimization of Kennestone Sterile 
Processing Department 








ISYE 4900-Senior Design 







Project Manager/Quality Process Engineer  
 
Marixa Ortiz 















Our team took on the task to create an optimization plan for the sterile processing department of 
Wellstar Kennestone Hospital in Marietta, GA. We focused on the sterile processing department 
because it was brought to our attention that the department experiences difficulties that result in a 
reduction of on-time starts for surgeries. The sterilization process and the layout in this facility 
have not been updated since its most recent relocation in 2012. The outdated system faces 
challenges such as inconsistent supply numbers, multiple supply returns, inconsistent supply 
locations, lack of organizational flow of instruments and inefficient work patterns in instrument 
processing from decontamination through sterile storage. To complete this task, our team made 
use of Six Sigma principles and Continuous Improvement tools like 5S, Kaizen events, and system 
simulations software such as Arena and Vensim to perform some data analyses on the current 
system and suggest improvements. 
 
In order to perform the mentioned analyses, we first had to gather our data which was challenging 
considering the requirements needed to access the Wellstar hospital. After a few setbacks, we were 
able to make a site visit to the sterile processing department and subsequently conduct a time study. 
The purpose of our time study was to collect data regarding the time it takes to complete each task 
in the sterilization process as well as record the number of dirty carts entering the system 
throughout the visit. This data was then analyzed in Arena Simulation Software.  
 
With the knowledge acquired from observing and learning about the sterilization process, we were 
able to combine our experience, research of similar SPD projects, and analysis of the collected 
data to narrow down three possible solutions. These include the enforcement of a standardized 
order of operations for dirty cart processing, a modified clean zone layout, and an additional cart 
washer to increase throughput of carts and containers. The results gathered from the arena 
simulation supported the implementation of a standardized order of operations and the modified 
clean zone layout but did not provide sufficient evidence to justify the investment in an additional 
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CHAPTER ONE: PROJECT BACKGROUND 
 
1.1 Introduction 
The Wellstar Health System is recognized as one of the largest systems in Georgia. Within this 
system, we have the Wellstar Kennestone Hospital in Marietta, Georgia which is nationally ranked 
and locally recognized for their high-quality care, inclusive culture and exceptional doctors and 
caregivers. This community hospital repeatedly earns its distinction as a Top 100 hospital with 
ongoing investment in modern technologies. [10] For our project, we are focusing on the sterile 
processing department in the Kennestone Hospital. The department has 38 employees across three 
different shifts that operate twenty-four hours of the day, seven days of the week. Since a room 
relocation in 2012, the sterilization process has remained stagnant despite changes to the physical 
layout of the hospital and the introduction of new systems used for surgery preparation. Due to 
this outdated process, the hospital experiences difficulties that affect the efficiency of their Sterile 
Processing department. John Clark, Director of Central Sterile Supply at Wellstar Kennestone has 
brought this need for improvement to the attention of the ISYE department at KSU and will be 
assisting our group as we gather data and develop improved systems to increase the overall 
efficiency of this department. 
1.2 Project Overview 
We are suggesting a plan to optimize the workflow process of the Wellstar Kennestone Sterile 
Processing Department. The goal is to create a process that can eliminate unnecessary steps in the 
existing sterilizing process, making it as efficient as possible and minimizing waste. The current 
process requires reorganization of the workstations and workflow patterns. The primary issue we 
are addressing is the cycle time of the sterilization process. The sterilization department currently 
takes 3.5 hours for a set to cycle through the sterilization process: retrieve, wash, sterilize and 
store/prepare for the next posted surgery. The department is seeking to increase the number of 
sterile instruments that are ready for use as surgeries are posted. To achieve this, we need to reduce 
the cycle time of the sterilization process via optimizing the physical layout of the working area as 
well as the tasks performed by the sterilization technicians. In Figures 1-3, you can observe part 
of the process that dirty instruments go through to get sterilized.  
 
             
Figure 1. Dirty Instruments                     Figure 2. Hand Wash Area                  Figure 3. Machine Washers 
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Figure 1 shows instruments in trays awaiting to be scanned in. After they get scanned into the 
system, they proceed to get handwashed in Figure 2. Next is the machine wash in Figure 3. The 
instruments get one final wash in the machine washer before they go through sterilization. 
 
1.3 Objective 
The primary objective of this project is to reduce the total cycle time for instruments to go through 
the sterilization process. As a result, the hospital will experience an increase in the number of on-
time starts. More on-time starts allows for more surgeries performed, resulting in more revenue 
for the hospital. This reduction in cycle time will also reduce and potentially eliminate the labor 
costs associated with employees working overtime to complete sterile tasks such as storage entry. 
 
1.4 Justification 
We contributed to a plan that can help optimize the workflow at the Wellstar Kennestone Sterile 
Processing Department because it was brought to KSU’s attention that the process and layout could 
benefit from an upgrade. Aside from being outdated, the current layout is not the most efficient 
and it is affecting the workflow of the sterile processing department. The sterilization process could 
benefit from an optimized layout to reduce non value-added steps. The Director of Central Sterile 
Supply at Wellstar Kennestone, John Clark, sought our assistance to propose a feasible plan that 
will address the issues further described in the problem statement.  
 
1.5 Project Background 
WellStar’s vision is to bring world-class healthcare to our community. Their vision is manifested 
through a wide variety of support efforts such as preventative health screenings and educational 
support groups. They strive to provide the highest quality of health care available to the 
community. WellStar Kennestone Hospital is made up of several service components: WellStar 
Kennestone Hospital, Kennestone Outpatient Pavilion, Kennestone Physicians Center, WellStar 
Kennestone Cancer Center, Atherton Place-Senior Living Community, WellStar Health Place-
Center for Fitness and Wellness, WellStar Outpatient Rehabilitation Center, WellStar Outpatient 
Imaging Center. We will be focusing on the Sterile Processing department within the Wellstar 
Kennestone Hospital. This department was built in the 1970s and it was expanded in 2017 [14]. 
With the help of the John Clark and the staff at the Sterile Processing department, we have been 
able to observe the sterilization process and conduct times studies to help analyze how we can 
address the challenges they are facing.  
 
1.6 Problem Statement 
The Sterile Processing department experiences difficulties that result in a reduction of on-time 
starts for surgeries, and a vast increase in the average onboarding time for new employees. More 
of the current challenges faced by the department include inconsistent supply numbers, multiple 
supply returns, inconsistent supply locations, lack of organizational flow of instruments and 
inefficient work patterns in instrument processing from decontamination through sterile storage. 
8 
 
CHAPTER TWO: LITERATURE REVIEW 
 
In hospitals, there is an increased opportunity for microorganisms to invade the human body, 
especially during a surgical procedure. Sterilizing all surgical instruments after use is how hospital 
staff decreases the risk of contamination and infection. Sterilization is known as the set of 
operations aimed at eliminating any form of life in sanitary material. This is a vital task that ensures 
quality patient care and protects the safety of both patients and staff. Unfortunately, sterilization is 
a very intricate process and if there is a complication at any step, the instruments cannot be 
considered sterile and ready for use. In all sterilization departments, the process relies heavily on 
manual labor which allows for added variance, potentially compromising patient safety. A study 
in Detroit aimed to develop healthcare workflow technologies that would automate and streamline 
the cleaning, disinfection, and sterilization operations in the sterile processing department in a pilot 
facility, but the study was exploratory and ongoing studies are still being conducted to support 
verification of reprocessing procedures for continuous quality control and implementation of the 
prototype system. [16] Research in workflow automation in healthcare is still in its initial stages, 
but successful automation would eliminate human error. For busy hospitals with high volumes of 
surgeries, the shift from a manual process to one more governed by automation allows for more 
focus on patient care and a measurable reduction in operational costs. [6] However, a fully 
automated system would be more susceptible to machine decay or software failure, is expensive 
to implement, and there are several steps that are difficult to automate. For now, human labor 
continues to be vital in the process of sterilizing surgical instruments in a hospital.  
 
Now that we have established the importance of instrument sterilization, it is also important to 
understand the necessity for a sterile processing department to operate efficiently enough to meet 
the demands of posted surgeries. Unfortunately, this immediate demand for sterile instrument 
stock typically overshadows the necessity for lean operation, and inefficiencies can manifest 
within the department over time. [9] For a process to remain truly efficient, we must continuously 
reevaluate and improve upon existing processes to continue to reduce variation and redundancy. 
Process improvement has been a large initiative in the healthcare industry in efforts to provide 
better patient care along with reducing costs associated with waste. Therefore, Lean and Six Sigma 
tools are increasingly being utilized in the healthcare industry. [17] Lean thinking is the 
improvement of processes to reduce waste and it has a focus on measurement and continuous 
improvement. The concept of six-sigma consists of using elementary, advanced quality 
improvement and control tools which are facilitated by teams made up of trained members that are 
expected to contribute fact-based information to the decision-making process. [7] Although these 
methodologies were developed in manufacturing industries, they have been beneficial to 
eliminating non value-added steps that create inefficiency in various aspects of a healthcare 
industry. For instance, in a series of 5S events from five departments in one healthcare system, the 
results showed that 5S can be a mechanism for improving safety. [5] A 5S event is a Lean tool 
known to help maintain a clean and clutter-free environment which often helps streamline 
procedures so that non value-added steps are removed. The implementation of this tool can also 
contribute to the reduction of inventory and supply costs. In a scholarly literature review, the use 
of 5S management tools in healthcare settings was studied and it was concluded that some of the 
beneficial effects include cleaner, organized, efficient workplaces that enhance safety and increase 
productivity along with reducing inventory/supply costs and recapturing of valuable spaces. [17] 
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These benefits explain the growing popularity of Lean and Six Sigma tools in the healthcare 
industry.  
 
Moreover, there is consistent evidence that supports the positive impact that Lean and Six Sigma 
tools can have on a business regardless of the industry. In 2011, the Mayo Clinic applied Lean and 
Six Sigma methodologies across an entire surgical suite and the results showed substantial 
improvements in on-time starts, substantial gains in nonoperative time, and increase in overall 
operating room efficiency. [4] There are a variety of tools to pick from under these continuous 
improvement methodologies. These tools help reduce process variation through meticulous 
applications that generate metrics collection and can be analyzed statistically. [14] However, 
regardless of the existing evidence displaying the immediate positive effect of these 
implementations, resistance to change in these departments are as common as any other. This can 
be a result of an SPD technician being promoted to a managerial position, or a complacent attitude 
among the current technicians. [15] When met with this situation it is important to emphasize that 
an optimized system will result in an increase in the quality of life for those technicians. Lean 
practices also emphasize data tracking and the use of quantitative methods to document quality 
improvement and progress toward the goal. [9] The ability to quantify data facilitates the increase 
in morale and buy-in as employees achieve incremental goals. These methodologies are not simply 
a set of tools, they are a problem-solving approach that is helping healthcare organizations function 
















CHAPTER THREE: PROJECT MANAGEMENT 
 
3.1 Problem Solving Approach 
Using our years of experience in Industrial Engineering coursework and research, our team feels 
confident that Wellstar Kennestone’s SPD can benefit from the implementation of tools commonly 
found within Six Sigma practices and Lean manufacturing principles. In addition, we made use of 
the DMAIC Methodology which has proven to be a particularly useful and effective tool to 
improve hospital operations. It is a data-driven quality strategy used to improve processes. [3] The 
letters in the acronym represent the five phases a process consists of which are: Define, Measure, 
Analyze, Improve, and Control. In the Define stage, we identified the problem that needs to be 
addressed and learned about the process that needs to be optimized which will help define the 
objective of the project. During the Measure phase, we assessed the existing sterilization process 
and established baseline measurements. Next was the Analyze stage where we analyzed the data 
that we gathered in the previous stage. For the Improve stage, we focused on finding solutions that 
addressed the issues at hand and created a plan for implementation. In our final control stage, we 
compared our suggested solutions to determine the most optimal approach. The figure below 
provides a visual representation of these phases and the order that they take place. 
 
 
Figure 4. The DMAIC model [3] 
 
We discussed how we made use of the DMAIC model for this project in the next chapter. The five 




We were required to determine the most optimal solution to optimize the sterile processing 
department using the data we have collected during the time study and the results from our 
simulation models. Based on our findings, we have outlined a series of suggestions and have 
quantified these to determine which would be the most optimal.  The sterile department will 
determine whether they proceed with the implementation of our proposed solution. 
3.3 Gantt Chart/Schedule 
The Gantt Chart below illustrates our project schedule, Figure 5. Due to major setbacks, tasks 




Figure 5. Gantt Chart and schedule of tasks 
 
3.4 Responsibilities  
Our responsibility was to implement a strategic plan that will support the department’s long-term 
goal of optimizing the workflow process of sterile processing department. Using our research and 
analysis results, we were able to formulate some hypotheses, and some ideal suggestions for 
optimization. 
3.5 Budget 
The budget estimated below is what it would cost WellStar’s SPD to implement each of the 
possible solutions discussed in the next chapter.  
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Table 1. Budget 
 
In the figure above, we have estimated the different solutions that are presented in the improve 
stage. The cost of the additional cart washer has been based on the estimated cost provided by 
Steris [12]. The total hours have been based on the time it would take for the technicians to perform 
these given solutions. The total number of technicians is 38, but only six technicians are needed 
per shift. The $17/hour is the average hourly wage for technicians at Wellstar Kennestone Sterile 
Process Department. We have estimated the total cost by multiplying the total number of 
technicians, the total hours, and the cost per hour. 
3.6 Materials Required/Used 
Most required materials for the start of our project have been associated with the ACEMAPP 
registration process required for our group members to go on-site. This process involved a series 
of training and orientation videos, securing immunization documents, completing drug screens and 
background checks, and several other shot records. The only physical materials that are required 
are scrubs and these were provided by Wellstar.  
 
3.7 Resources Available 
The resources that were available to us include the information John Clark provided to us, 
observation of the Sterile Process Department, the knowledge we have acquired in Six Sigma and 
Lean practices throughout our coursework, and the software needed for simulation. We were also 
able to interact with the staff from the sterile processing department and they provided a lot of 








CHAPTER FOUR: SIX SIGMA/CONTINUOUS IMPROVEMENT 
From patient care in the OR to the sterile processing department, applying the five steps detailed 
in the below sections have been crucial in workflow optimization and continuous improvement. 
[7] The following sections outline in detail how we applied the DMAIC methodology to every 
aspect of our project. 
4.1 Define Stage 
In this initial stage, our team worked closely with John Clark to get a clear understanding of the 
issues plaguing his department. To develop an effective solution, our team needed to consider all 
stakeholders, and guarantee that the scope of our project would include the desired outcomes for 
everyone involved. After multiple online meetings, our team discovered that the issues John 
wanted to address spanned across multiple departments, but we agreed that our team would focus 
on the in-house sterile processing workflow. This process includes receiving dirty carts from the 
OR, washing/sterilizing/storing the carts and instrument sets, and finally picking items for posted 
surgeries. John indicated that he wanted to minimize non-value adding steps in the sterilization 
and item picking process, and ideally optimize the workflow to increase throughput of instrument 
sets. Since achieving this goal would be a complicated process with several variables, our group 
constructed a work breakdown structure to ensure that each task was broken down to its most 
elementary component and the group had a clear understanding of how to achieve the end goal. 
Once our team understood the scope, the desired outcome, and how we planned to proceed, we 
were ready to move on to the next stage and begin collecting data.  
 
Figure 6. Work Breakdown Structure 
After three site visits, we were able to gather enough information to understand the current system 
more thoroughly. Their layout consists of two zones: the decontamination zone and the clean zone. 
The figure below is the CAD model designed to represent the SPD layout. The point where these 





Figure 7. CAD layout of Sterile Processing Department 
The process begins when the carts with dirty surgical instruments arrive at the decontamination 
zone post-surgery. These carts are left in the area indicated by the yellow arrow above and 
technicians’ sort through these and separate all the containers and instruments from the carts. The 
red arrows in Figures 8 show the carts with containers and instrument kits that are left at the 
entrance of the decontamination zone to get washed. The carts are washed separately in the cart 
washer, but because there is only one of these machines (see Figure 9), the carts and container 
racks are lined up against the wall awaiting their turn in the cart washer.  
 
           
Figure 8. Dirty carts & instruments   Figure 9. Cart washer with carts lined up      Figure 10. Rack filled with containers 
 
There are two different types of carts: short carts and long carts. The cart washer can fit four short 
carts in one cycle and two of the longer carts in one cycle. There are also racks that are filled with 
tray containers that need washing and only one of these fits in one cycle. See Figure 10 for an 





Figure 11. Decontamination Zone  
 
Next, we have the scanning station which can be visualized where the blue arrow is pointing to in 
Figure 11. The instrument trays have a barcode that gets scanned for their records. Each tray gets 
three scans: one to confirm it was sprayed with disinfectant leaving the OR, one to confirm it was 
received in SPD, and one to confirm it is proceeding through the sterilization process. Following 
the scanning, we have the hand washing (see yellow arrows, Figure 11) and scope washing (orange 
arrow, Figure 11) stations. Depending on what kind of instruments are being washed determines 
whether they get hand washed or scope washed. Any instrument that has cords, cameras, or 
anything electrical gets wiped down and thoroughly cleaned with alcohol. The rest of the surgical 
instruments go to the hand washing stations where they soak and get thoroughly cleaned. These 
are then transported to the machine washers for their final wash before sterilization. The green 
arrow in Figure 11 indicates where the machine washers are located.  
 
The washers connect the decontamination side with the clean side, including the cart washer. This 
means that the instruments, bins, and carts that go into the washer from the decontamination side, 






Figure 12. Clean Zone  
 
The instruments that went to the scope wash stations are put through a window and passed on to a 
technician in the clean zone. This window is indicated by the orange arrow in Figure 12. The 
instruments then are placed in a drying cabinet for 30 minutes before sterilization. See Figure 13 
for a picture of the drying cabinet. Once on the clean side, the instruments that come out of the 
washer are put into their designated storage space before they get prepped into a tray for 
sterilization. There are six different storage racks that instruments can go into depending on their 
function. These include: Daily Turnover Instruments Rack, Cysto Rack, Loaner Tray Rack, Drill 
Rack, Vascular Institute Rack, or the Doctor’s Trays/Daily Turnover. An example of one of these 
storage racks can be seen in Figure 14. The general area of these storage racks can be found in the 
area highlighted in yellow in the layout in Figure 12. The technicians then sort through the 





                          
    Figure 13 Drying Cabinet                     Figure 14. Vascular Institute Rack           Figure 15. Sterilization Prep Station 
One of the final steps before sterilization is prepping and packaging. The technicians put together 
the surgical trays depending on what is required for a particular surgery and wrap the tray with 
sterilization wrap, similar to wrapping a present. This gets taped with a special tape that changes 
color after being exposed to a specific heat temperature in the sterilizer machine (Figure 16). This 
assures them that the tray underwent the appropriate sterilization process. This process is different 
for all the cords, cameras, and anything electronic. They get wrapped separately and with a 
different sterilization wrap because these instruments get sterilized in a hydrogen peroxide 
sterilizer (Figure 17). These instruments cannot resist the heat and steam from the other sterilizer 
machines hence they have their own sterilizer machine and sterile indicators. Find the green arrow 
in Figure 12 for the general location of the sterilizer machine in the layout and the orange arrow 
for the hydrogen peroxide sterilizer. 
 
            
       Figure 16. Steam Sterilizer Machines                                 Figure 17. Hydrogen Peroxide Sterilizer 
 
After sterilization, these trays are stored in clean storage and eventually placed back into carts. The 
technicians use preference cards to determine what instruments and supplies go into each cart. 
These preference cards are predetermined lists of instruments and supplies needed for specific 
surgeries. Therefore, every type of surgery has its own preference card. The sterile processing 
department gets notified of scheduled surgeries so that they can prepare the carts beforehand.  
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4.2 Measure Stage 
With scheduled surgeries beginning at 7:30 a.m. each morning, the Sterile Process Department 
experiences peak volumes between noon and 4:00 p.m. The time studies were performed between 
the hours of 12:00 p.m. and 3:00 p.m., as that was the window in which the SPD experiences the 
highest volume of cart arrivals. During these visits we observed SPD technicians to collect process 
times for each task, measured the quantity of surgery carts that entered the system, performed 5S 
audits to gauge the working environment and track movements throughout the process, and spoke 
with SPD technicians to understand their needs as a primary stakeholder in this project. As we 
began observing the sterile process, there were several pieces of information we gathered in order 
to construct our simulation model. Firstly, we needed to determine the arrival rate and use the 
Arena Input Analyzer tool to confirm the appropriate distribution. To do this, we recorded times 
as twenty carts arrived at the system and used an excel file, shown in Figure 18, to calculate the 
time between each arrival in decimal minutes.  
 
 
Figure 18. Input data for Arena Input Analyzer 
Those values were then converted into a text file to be used as the input data for the Input Analyzer. 
We ran a best fit for all distributions and determined the data to fit the triangular distribution with 
a minimum of 0, mode of 2.7, and maximum of 17 minutes between cart arrivals. The graphical 
representation for this data along with the expression used in the Arena Create Module for the 




Figure 19. Arena Input Analyzer Results 
 
Once we determined how to accurately introduce carts to the process, we performed a time study 
to gather data on each process step and find an average of how long it took the SPD technicians to 
complete each task for a single tray. The data collected from the time studies is shown in Figure 
20 below. It should be noted that different types of instrument trays follow slightly different 
processes. Since the time study included observations of each process, the total average time is not 
representative of the average time it takes for one instrument tray to cycle through the process 








With all arrival and process data input into their respective system modules and all transfer 
modules set up to dictate the flow of trays, our group finalized the system model shown in Figure 
21-22 for simulating operations over the course of several corresponding shifts, based on data 
collected during peak intervals of the day.  
 
Figure 21. Current Sterile Process Model Overview-Decontamination Side 
 
 







4.2.1 5S Initiative  
5S is a systematic framework for organization and cleanliness. It helps workplaces avoid lost 
productivity from delayed work or unplanned downtime. The sterile processing department would 
benefit from a 5S system because the department is being described to us as lacking organizational 
flow of instruments.  Their setup and layout have not been updated since 2012. According to John 
Clark, rearranging and organizing more efficiently could help reduce excessive walking being 
done in between sterilization process and during instrument preparation. In our first visit to the 
sterilization department, we were able to observe clutter and stored supplies that are not properly 
labeled to be easily retrieved when needed. See the following figures for a visual representation.  
 
 
           Figure 23. Supplies                                      Figure 24. Returned Supplies                            
 
Figure 23 shows how once you navigate through the aisle of supplies, there are no clear labels on 
where to find any of the items stored. Figure 24 shows the pile of supplies that go unused during 
a surgery and get returned to the sterilization department. However, these are not safely stored 
back into their designating storage. Instead, they get dumped wherever they see space available as 
depicted in the returned supplies image.  
 
During this visit, the engineering manager and continuous improvement engineer performed two 
separate, initial 5S audits to evaluate the organization and cleanliness of the work area. The results 
of these audits can be seen below in Figures 25 and 26.  The purpose of the audit checklist is to 
have a baseline of how we evaluated the initial condition of the workplace. A score below 5 
suggests a need for improvement. Once a 5S event is implemented, the workspace is reevaluated 
using the same audit checklist and the scores are compared to identify progress. This also serves 
as a good metric. A 5S map accompanies the initial evaluation of a workspace. It is a sketched-out 
floor plan that provides an overview of the work layout, the processes, and the steps in between 





















During our third visit, the CI engineer sketched out the 5S map below, Figure 23. The map is a 
visual reference that shows where the tools, supplies, workers, and travel paths are. It provides a 
visual representation on how these all relate to each other.  
 
 
 Figure 27. 5S Map 
Looking at the 5S map, it is visible that the technician in the decontamination zone who oversaw 
separating the trays and containers from the carts, did excessive walking between stations. This 
activity is depicted in the pencil tracing. On that note, we later found out that she had made a 
mistake and had to redo the scanning portion of this process which attributed to the excessive 
walking. The second technician in the decontamination zone is marked in green and he did less 
walking between stations. He stood for longer periods of time in the handwash station since he 
oversaw soaking and washing the instruments and trays.  
 
In the clean zone, the technician who is receiving the clean instruments on the other end of the 
washer is marked in green. She did some walking from the washer to the different racks trying to 
sort and store the clean instruments coming out of the washer. She also placed some cords in the 
drying cabinet that were handed to her from the window. Next, the technician in the red marking 
was prepping and packaging a tray for sterilization. She navigated through a few of the instrument 
racks and supply racks before she made it back to her station to put together the tray. She also 
walked back and forth a few times between other stations to print labels. The last technician 
observed is marked in blue and she was putting together a surgical cart. She walked back forth 
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between the supply storage and only gathered a few supplies. She did not complete the preference 
card; therefore, she did not finish putting the cart together. She made it known that the person who 
would come in the next shift would complete it. As a result, the 5S map is useful to determine what 
can be implemented to reduce non-value-added steps and to suggests layout arrangements among 
other recommendations.  
 
4.3 Analyze Stage 
Our group used the Arena Simulation as well as a Vensim model to analyze the collected data and 
begin forming viable solutions. These tools allowed us to construct the existing model and simulate 
several shifts to generate baseline operational data. Once we could accurately represent the current 
level of operation, we could begin modifying our models to construct new systems and compare 
the output data to the baseline data. The key output we measured within the Arena simulation was 
the total number of instrument trays processed within an 8-hour shift. The animated entities 
flowing through the process allowed us to visually identify bottlenecks and consider options for 
increasing throughput. Utilization rates for resources such as SPD technicians were also used to 
determine where employees might be under/over utilized throughout the shift.  
 
The Vensim model shown in Figure 28 also allows us to easily observe the effects of alterations 
to the workflow process. The model includes feedback loops as well as stock and flow maps from 
the data gathered in the time study. The purpose of the model is to analyze the current workflow 
process using at least two sterile processing technicians per shift. The model entails multiloops 
that interact with each other, it includes positive and negative nonlinear causal loops which help 
determine and alter the behavior and shape of the system. Using graphs and simulations within the 
Vensim software, we can formulate our dynamic hypothesis and theory about the causes of the 
system problems based on the models’ behavior. [13] 
 
4.3.1 Sensitivity Analysis 
When running the simulation model in Vensim, we were able to perform a sensitivity analysis that 
shows how the values of some variables in the model affect others. We set the initial number of 
preference cards to 300, when changing this number to 350, we noticed the numbers of surgeries 
automatically increased and the cart arrival rate also increases. The number of sterile processing 
technicians also increases but the number of instruments ready to be out for surgery remains the 
same. Instruments Discrepancy variable is increased as the number of reference cards increases 
and affects the number of returned/unused surgical instruments entering the sterile processing 
department. Surgery types increase the type of surgical instruments needed by doctors. The type 
of instrument affects the decontamination process, some instruments are soaked in water for a brief 




Figure 28. Vensim Model 
 
The Spider Chart shown in Figure 29 shows how the output metrics vary by changing the input 
variables. Based on the chart, we can observe the line for the variable of Instruments Ready for 
Processing (green line) slightly increase linearly over time, but from time 22 to 24(hour), the graph 
has a goal-seeking behavior. The graph for the Interface Scan (red line) and Instrument in Sterile 
Processing (blue line) both increase linearly over time as these two variables affect one another. 
The Time in the Sink increases linearly also over time (dark gray line). The sterilization time (light 
gray) has a goal-seeking behavior as this stock variable adds a delay to the system with upcoming 
instruments from the decontamination area. 
 
 
Figure 29. Spider Chart 
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4.4 Improve Stage 
Upon analyzing the results of various modified systems developed using the Arena and Vensim 
models, our group decided to further investigate the top four potential solutions. Future 
implementation of these solutions was heavily considered, so we decided that our proposed 
solutions should include those that are easily actionable as well as ones which would require 
extensive schedule and budgetary planning. In order of least to greatest difficulty of 
implementation our proposed solutions are detailed in the following subsections. 
 
4.4.1 Standardized Order of Operations 
During the two-time studies, one of the first things we noticed were differences in the way each 
technician would complete their tasks. For example, one of the first processes in the system is 
where trays are pulled from the containers within the carts and scanned into the system. When 
separating the containers from the carts that had just arrived at the system, Technician A would 
work with one cart at a time pulling out each container, separating the containers from the 
instrument trays, placing the empty containers on the container rack for washing, then positioning 
the trays so that they could easily be scanned from the cart. Technician B would go through all 
available carts at once, loosely positioning trays and containers in different areas. This made it to 
where Technician B had access to scan more trays at once, but as they began scanning, they lost 
track of which trays were scanned and had to restart the process. This redundancy combined with 
a lack of organization when placing the empty containers and trays in respective areas resulted in 
an average process time that was over two minutes longer than Technician A. Since this task is at 
the very beginning of the process and scanners are typically rotating between the scanner and 1 of 
2 handwashing stations, there is an enormous potential for bottlenecking here. After examining 
multiple technicians and comparing their methods via simulated results we developed the 
following optimal order of operations for standard instrument sets.  
1. Pull next available cart within reach of the container rack in a FIFO system. 
2. Remove one container at a time from the cart and separate the instrument tray from the 
container. 
3. Place the empty container on the container rack, and the instrument tray back into the cart 
where the container originated, positioned so that the barcode faces outwards.  
4. Repeat steps 1-3 for all containers within the cart.  
5. Pull cart within reach of the scanning computer. 
6. Proceed to complete each sequential scan for each tray.  
7. Move instrument trays to the handwashing area, place the empty cart in line for the cart 
washer.  
8. Repeat steps 1-7 for each available cart until enough instrument sets to fill a conveyor wash 
rack are queued for handwashing.  
Creating a set order of operations for all technicians to follow should help streamline the overall 
process by standardizing the individual tasks that make up this part of the sterilization process. 
This is supported by our observations during the time study and our research in how to 
implement Lean and Six Sigma tools. It is well-known that Lean and Six Sigma methodologies 






4.4.2 Modified Clean Area Floorplan 
This solution requires slightly more preparation, but still an option that is cost effective and could 
be implemented quickly. Once the instrument sets pass through to the Clean Area, they are 
distributed into different storage racks near the conveyors until being pulled to prepare for 
sterilization. These storage areas are located at one end of the sterile prep-station area, and we 
noticed that considerable time was spent traveling back and forth between these storage racks and 
the technician’s workstation. This travel time was noted and factored into the process time for 
preparing each instrument set and illustrated on the 5S map in Figure 27. Since we recorded the 
time it took the technician to travel the distance between their station and the storage racks, we 
were able to estimate how quickly they would be able to travel to storage racks in various locations. 
The most optimal layout we examined was splitting the sterile prep area down the middle and 
having the storage racks stretch down the middle between the two rows of workstations as shown 
in Figure 31. This resulted in reduced travel times for each workstation. Figure 30 shows what the 
current layout looks like in comparison to the suggested one.  
 
 
Figure 30. Current Layout-Clean Zone                           Figure 31. Suggested Layout-Clean Zone 
4.4.3 Additional Cart Washer 
It was mentioned to our group at the start of the project that the department was considering adding 
another cart washer machine. The current machine is modular in the sense that there is room for 
an additional washing side to be installed, but they are currently only operating with the one side 
so both carts and container racks queue in front of the same process. Since the container rack cycles 
are seven minutes longer than the cart cycles, it would seem beneficial for them to each have their 
own queue. To justify this, we began simulating this portion of the process in our arena simulation 
model to determine how beneficial it would be to the cycle time and overall efficiency of the 
process if this machine were purchased. Assuming the completed simulation results support the 
installment of the additional side based on cost-benefit analysis, this data will be helpful for John 




4.5 Control Stage 
When we began this project, our plan was to have implemented a solution by the Critical Design 
Review deadline and be able to examine the modified process up until the deadline for our final 
report in order to verify results. Given the schedule setbacks and the inability to physically 
implement the optimal solutions, we relied on the Arena simulation software to provide similar 
results and confirm that the improvements were sustainable. Each time a model was run to test the 
effects that modifications would have on the system, the model was set to run for 21 replications. 
When using process analyzer, we dropped this number to 5 after troubleshooting program crashes. 
Once optimal solutions were discovered, we increased the replication count back up to 21 in order 
to give us three full weeks of runtime with the new system. While this did not account for the 
human factor that physical implementation would have to account for, it did help us track output 





























CHAPTER FIVE: RESULTS & DISCUSSIONS 
 
5.1 5S Audit & 5S Map Results  
The results of the 5S audits described in the last chapter indicate that the sterile processing 
department should implement a 5S event to help improve the workplace efficiency through this 
systematic structure for organization and cleanliness. During this initial evaluation, the engineering 
manager gave the organization and efficiency of the workspace a total score of 2.3 out of a 5.0. A 
5.0 would be a perfect score and this would mean that no improvement is needed. Anything below 
a 5.0 implies that the department workspace can benefit from a 5S event to improve organization, 
cleanliness, clutter, safeness, efficiency, and productivity. The continuous improvement engineer 
gave them a total of score of 2.1. The average score of the two audits is a 2.2 which means that the 
work environment falls short of the 5S requirements and it could benefit from a 5S event. A 5S 
map was created following the 5S audit. This visual representation was useful to observe that a 
layout arrangement would be beneficial given the non-value-added walking between stations. A 
layout arrangement is part of what would take place during a 5S event. Therefore, this finding 
further supports the recommendation that the department should run a 5S event to help sort, 
organize and maintain order in this chaotic work environment. This type of lean tool is also known 
to help decrease loss of production caused by delayed work. 
 
5.2 Arena Simulation Results 
Once our model was constructed, our group began evaluating multiple different systems that would 
potentially result in an increase of instrument trays through the system in an 8-hour shift. We 
started with using Process Analyzer, which allows us to quickly manipulate the number of 
resources available to the system and observe the changes to the specified objectives as a result of 
those changes. Given our first-hand experience with the sterile process, we did not expect 
additional technicians to drastically increase the output of the system since the limiting factor 
appeared to be the machine cycle times. In order to verify this, we ran 20 different scenarios all 
with different combinations of available resources. The first scenario was the current system, or 
“baseline”, which gave us a starting point on which we hoped to improve upon. The following 
scenarios all individually modify specific aspects of the process and allow us to observe which 
roles are more influential to the number of trays exiting the system. The Process Analyzer results 




Figure 32. Process Analyzer Results – Entity Out Counts 
Surprisingly, we discovered that increasing the number of resources available to the system did 
not directly correlate to an increase in trays being processed within the same time frame. Even 
more so, the added cart washer had the same effect and did not result in more carts and containers 
exiting the system. With these unexpected results, we looked further into the effects of these 
changes in attempt to understand the generated data. The next objective we considered was the 
average amount of time each tray spent in the system.  The Process Analyzer results for total time 
spent in the system for each tray is shown below in Figure 33. 
 
Figure 33. Process Analyzer Results – Total Time Counts 
 
The data shown in the above figure was crucial in explaining some of the mystery around the 
previous results. Firstly, it verified Wellstar’s initial belief of their average cycle time for all trays, 
with an average slightly above 3.5 hours so it served as some confirmation that we were on the 
right track. It also described the difference between time spent in the system and entities exiting 
the system. With a fixed 8-hour time frame and the varying individual process times, some trays 
would move through more quickly but not fully exit the system before the next shift would start. 
This led our time to prioritize time spent in the system as it would result in an overall increase in 
processed trays throughout the rest of the day. However, there were still more factors to consider. 
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The next objective we evaluated was the utilization rates of each resource as the available number 
of those resources changed. Figure 34 and Figure 35 below show the utilization rates for 
technicians and equipment, respectively. 
 
 
Figure 34. Process Analyzer Results – Technician Utilization Rates 
For this set of data, we chose to add an additional scenario to observe the effects of eliminating 
one hand washer from the system. It’s worth noting that in the real process the hand washer is 
typically the same person handling the separation of carts and scanning in the trays. These results 
justified that combination of responsibilities, and even suggested that a technician assigned to 
sterilization preparation should be available to assist with hand washing due to the lower utilization 
rate.  
Figure 35. Process Analyzer Results – Machine Utilization Rates 
Similar to the technician utilization results, we added a scenario here to show the effects of 
reducing the total number of available machine washers, steam sterilizers, and H2O2 sterilizers by 
one. This data was also very helpful in describing the unexpected initial results regarding the cart 
washer not contributing to an increase in clean carts and containers. The low utilization rates of 
the cart washer indicate it is not a limiting factor for those entities. These results also seem to 
indicate that the system could manage with fewer machines, however these machines are necessary 
for overflow during busier times of the year for the hospital.  
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Finally, our group investigated the impacts of our other two suggested improvements. To do this, 
the system model was revised to reflect the reduced dirty cart processing time assuming the optimal 
order of operations, as well as the reduced travel time for the sterilization preppers due to the 
modified layout of the Clean Zone. While the travel time was reduced for the sterilization preppers, 
the route time from the machine washers to the storage racks was increased due to the added 
distance they would have to travel initially. Figure 36 and Figure 37 below show the results of the 
modified process.  
Figure 36. Modified Process Results – Total Time in System 
 
Figure 37. Modified Process Results – Entity Count 
From these figures we can observe a reduction in average processing times, as well as an overall 
increase in throughput of the system. Once the above data was gathered and organized, our group 









CHAPTER SIX: CONCLUSION 
  
The initial improvements proposed by our group included the enforcement of a standardized order 
of operations for dirty cart processing, a modified clean zone layout, and an additional cart washer 
to increase throughput of carts and containers. Based on our results, the least effective of these 
solutions was the additional cart washer. When we first observed the process, we learned that carts 
have a shorter wash time than container racks since the vertically sliding spray nozzles have to 
travel higher up on the wall for the racks than they do for the carts. Since this would result in carts 
being queued behind a longer process time than other carts would require, we hypothesized that 
an additional cart washer would help alleviate the perceived bottleneck with one washer processing 
only carts while the other processed container racks. However, when we analyzed the results of 
the Arena Process Analyzer, we realized that this was not a limiting factor on the system since all 
carts and containers that arrived in the system were processed, and the cart washer had a relatively 
low utilization rate. Based on this data we cannot support the $255,000 initial investment for this 
solution.  
 
Once it was determined that the additional cart washer did not increase throughput of the system, 
we moved on to further investigating our other suggestions. In order to measure the effects of the 
standardized order of operations for dirty cart processing we observed several different SPD 
technicians while they performed this task and recorded the time it took them to collect the cart, 
pull out all containers, remove the instrument trays from the containers, and transport the cart, 
trays, and containers to the next step in the process. We quickly noticed that each technician had 
their own method of completing this task, and there was considerable variability in the average 
processing times. When building our initial model, an average of all technician’s processing times 
was used for that process module. In order to measure the benefit of an optimal method for this 
task, we reduced the dirty cart processing time to the average of the most efficient technician we 
observed and ran the simulation. This improvement alone reduced the total average cycle time for 
standard trays, scope trays, and vendor trays by approximately 10 minutes, 6 minutes, and 9 
minutes, respectively. While this was an improvement, we decided to combine this modification 
with the final suggestion which involved the modified layout of the clean side of the SPD. As 
mentioned in the previous Results section, this change increased the route time for trays being 
transported from the machine washers to the clean storage racks, but it greatly reduced the travel 
time for technicians assigned to preparing trays for sterilization. Since those trips are made much 
more frequently than those from the machine washers to the storage racks, this proved to be a 
beneficial modification.  
 
With all route and process times adjusted to reflect the impact of our suggested improvements, the 
new system resulted in an average cycle time reduction of 24 minutes. We believe that this 11% 
decrease from the initial estimated 3.5-hour cycle time is a viable low-cost solution to increase the 








6.1 Future Improvements 
Currently, the sterile processing department has a 2-zone design which is a very traditional layout. 
This means that the layout is divided into two zones: the decontamination zone, and the clean zone. 
This model is the most used in the healthcare facilities in the United States. [11] An alternative 
option is the 3-zone design. The three zones are: decontamination, prep & pack, and sterile storage. 
The 3-zone layout is known for eliminating the common mistake of assuming nonsterile 
instruments are sterile. It was reported to us that this is an issue for our current sterile processing 
department as well. With the prep & pack zone being separate from the sterile zone in a 3-zone 
design, there is no confusion as to what equipment is sterile or not, because to make it to the sterile 
storage, the equipment must have passed through the sterilizer first. This new modern approach 
streamlines the process and decreases time spent on manual workarounds [11]. This was not 
explored as a possible solution due to time limitations, but it is an option that could eliminate some 
of the challenges that the SPD at Kennestone is currently facing. Of course, this would require 
years of planning since remodeling the layout might require for the SPD to be relocated in the 
meantime or possibly shut down for a period of time. However, the SPD is vital to the daily 
functioning of the hospital so a lot of factors would have to be considered if the director opted to 
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APPENDIX C: REFLECTIONS 
 
Vanessa Laude: Throughout this project development, I was able to develop leadership and 
communication skills. Taking on the role of a project manager and lead made me realize how 
crucial it is to have a good relationship with my teammates and the stakeholders. This project 
process also reinforced my belief that effective communication is crucial, especially during 
challenging and stressful times. We have had several setbacks; however, each one of us remained 
determined to complete this project no matter what. This has been my very first time into sterile 
processing department, it was extremely exciting to see what happens “behind the scenes” in the 
basement of a hospital and how crucial this department to OR and for surgeries. Working on the 
workflow process for project has increased my passion for Six Sigma Continuous Improvement. I 
am grateful for the opportunity I had with working with everyone while discovering innovative 
ideas and different perspectives. 
 
Marixa Ortiz: This was a challenging project to carry out. We had some unforeseen setbacks with 
the Kennestone Hospital, but we remained persistent and were able to make the most of it. I 
personally learned a lot through this experience, from everything needed to know to sterilize 
instruments in a hospital to how the efficiency of this department can indirectly impact the 
wellbeing of a patient. It is so fascinating to see the different processes in numerous departments 
that are involved in a successful surgery. Working on this project has helped me realize that the 
knowledge and skills acquired throughout our coursework are applicable to real world problems 
and I am excited to continue to use my problem-solving skills in future endeavors. 
 
Zack Wilkinson: In hindsight, there is definitely room for improvement on this project. The 
primary challenge was the complexity of the SPD given the incredible variability in equipment 
and processing times and determining how to simulate it as accurately as possible, while also being 
able to properly quantify the results in terms of cost. Unfortunately, there is no way to determine 
a fixed revenue earned from each tray through the process, so it eliminates the possibility for any 
classical break-even analysis when proposing new equipment, added training time, or additional 
staff. We would’ve liked to provide a comprehensive report detailing not only the cost for 
improvement, but also dollars gained from the implementation. Without this data we focused on 
simply increasing throughput/decreasing cycle time which I believe is helpful, but still feels 
somewhat incomplete. However, our group worked extremely hard to overcome these challenges 
and still provide justifiable suggestions for overall process improvement. We also all learned 
valuable lessons from the challenges we faced. I appreciate the experience in developing plans to 
efficiently collect data, persistently and creatively working around issues with simulation software, 
analyzing data and digging deeper to understand the implications of the initial results, and lastly 
working cohesively with a team towards a common goal. I look forward to utilizing this added 




Vanessa Arguelles: This project turned out to be a bit more unpredictable than I expected. We 
had challenges that we had to overcome throughout this project. However, I believe the team was 
able to overcome these shortcomings with good solutions to the problems we faced by taking our 
time and asking the important questions that were necessary to obtain the information we needed 
to be able to complete this project. Working on our Senior Design project has been a new and 
unique learning experience for me. It was quite a challenge to take the course virtual due to 
COVID. Even so, I believe that the learning and experience that I have acquired in the course of 
my group's project is something that will help me continue my new path as an undergraduate. This 
project allowed me to use the different techniques that I have learned throughout my university 
career. I would like to thank all the members of my team for their contributions throughout our 
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Chapters Major Contributions 
Executive Summary  Marixa Ortiz, Vanessa Laude 
Chapter 1 Marixa Ortiz, Zack Wilkinson 
Chapter 2 Marixa Ortiz, Zack Wilkinson 
Chapter 3 Zack Wilkinson, Vanessa Arguelles 
Chapter 4 Marixa Ortiz, Vanessa Laude 
Chapter 5 Zack Wilkinson 




















APPENDIX E: TECHNICAL CONTRIBUTIONS 
 
Team Member Technical Contribution  
Vanessa Laude • Performed  sensitivity analysis  
• Created the Vensim Simulation and Results 
• Contributed to time study 
• Created Gantt Chart 
• Implemented DMAIC Tools 
• Coordinated and conducted team meeting and calibrations 
Marixa Ortiz • Sketched dept. layout by hand then designed CAD layout 
• Researched how to implement the 5S event and overall, Six 
Sigma/ Continuous Improvement Tools 
• Created the 5S map  
• Conducted time study  
• Captured pictures of SPD and included these in report 
Zack Wilkinson • Designed and troubleshot the simulation model on Arena 
• Created the work breakdown structure 
• Researched on possible solutions  
• Analyzed simulation results to support solutions 
• Conducted time study and gathered the data in excel 
• Discussed preliminary findings with Wellstar staff 
• Recorded, edited, and narrated project video using Adobe 
Premiere 
Vanessa Arguelles • Updated the Gantt Chart 
• Created budget table 
• Contributed to Literature Review research 
• Contributed to Spider Chart 
• Contributed to CAD layout 
• Researched on SPD layouts 
